and increase the possibility of producing elite parental lines with enhanced combining ability.
The development of sugarbeet as a commercial crop is recent, when compared with many of the world's major crops. Sugar from sugarbeet became a viable alternative to sugar from cane (Saccharum offi cinarum L.) in the late 18th and early 19th century in response to barricades that restricted the importation of cane sugar into some European countries. It is believed that the ancestral Sugarbeet variety, White Silesian, was selected from a limited range of fodder beet grown in Silesia (a region spanning portions of Poland, Czech Republic, and Germany) (Winner, 1993) . However, some have suggested that the initial sugarbeet varieties might have been derived from a casual cross between fodder and wild beet or between fodder beet and Swiss chard (Biancardi, 2005) . The White Silesian variety was the basis for much of the subsequent breeding effort, suggesting that a lack of genetic diversity within the crop since its beginning may impede improvement.
Soon after European varieties were introduced to support a fl edging North American sugarbeet industry, their lack of resistance to some diseases threatened the prospects of the crop in North America. The need for disease resistance stimulated the intermating and mixing of some gene pools that had, for the most part, remained isolated in Europe. However, once a useful level of resistance to a disease was incorporated into an otherwise productive line, the line often was used almost exclusively as a source of resistance (Lewellen, 1992; Doney, 1993) ; this is a practice Journal of Plant Registrations, Vol. 4, No. 2, May 2010 that tends to reduce genetic diversity. A further narrowing of the genetic base of the commercial crop has resulted from the widespread use of a single source for the monogerm seed trait (fl owers occur singly resulting in a fruit that produces a single seedling as opposed to multigerm seed consisting of multiple fused fruits that produce 2 to 7 seedlings) and cytoplasmic male-sterility that is the basis for commercial hybrid sugarbeet production (Bosemark, 2006) .
Although commercial breeders have continued to increase the productivity of the crop, in the long run, broadening the genetic variation within the commercial crop may be of utmost importance in preventing devastating epidemics and in providing a base for future improvements. Among the wild species of the genus Beta, B. v. subsp. maritima (L.) is an obvious candidate for broadening the genetic base of sugarbeet. Beta v. subsp. maritima is endemic over a wide geographic area, has developed survival mechanisms for a range of harsh environments, and crosses readily with cultivated sugarbeet. Two other species, B. macrocarpa Guss. and B. patula Ait., within the Beta section of the genus Beta are not nearly as widely distributed as B. v. subsp. maritima, but may possess characteristics that could benefi t sugarbeet (Doney, 1993; Ford-Lloyd, 2005) . A major obstacle to the use of wild relatives in breeding programs is the formidable breeding effort required to eliminate the many undesirable traits that are introduced from the wild species when they are crossed with elite populations or lines (Stander, 1993) .
The wild relatives of sugarbeet have long been viewed as potential sources of resistance to diseases, insects, and nematodes, and successful introgression of resistance genes from exotic sources into elite populations and lines has been reported (Lewellen, 1992; Panella and Lewellen, 2007) . Examples of exotic germplasm being utilized primarily to broaden the genetic base or to enhance the inherent productivity of the crop are limited (Campbell, 1989; Doney, 1993) . Four lines selected from a cross between an annual B. v. subsp. maritima from Greece (PI 546420) and L53cms by Doney (1995b) were characterized as unique sources of genetic variability for combining ability and root yield. Selection within early cultivars and land races in the USDA Beta collection culminated in the release of fi ve germplasm lines with relatively high sucrose concentration (Campbell, 1990 (Campbell, , 1992 .
Methods
Each of the original populations from which F1017 to F1023 were selected was formed by crossing male-sterile plants of a sugarbeet line obtained from the USDA-ARS breeding program in California, 3747, with wild relatives of sugarbeet. 3747 is a self-fertile line derived from and similar to C37 (PI 590715) that segregates for genetic male-sterility. C37 is a diploid (2x = 18) self-sterile multigerm parental line released by USDA-ARS in cooperation with the Beet Sugar Development Foundation and the California Beet Growers Association in 1981 (Lewellen et al., 1985) . C37 has moderate to high levels of resistance to Beet curly top virus, virus yellows (Beet yellows virus), Erwinia root rot [caused by Erwinia carotovora (Jones) Bergey et al.] , and bolting but is susceptible to rhizomania (Beet necrotic yellow vein virus, BNYVV) and powdery mildew (caused by Erysiphe polygoni DC.). C37 was noted for its good combining ability for sucrose concentration and has been used as the pollinator for some proprietary hybrids approved for commercial production in California.
Two hundred sixty-nine plants from 19 B. v. subsp. maritima (L.) Arcang. accessions originally collected in Denmark provided the pollen for the cross that gave rise to F1017 (Table 1) . Seed from all F 1 plants was combined. To facilitate recombination, the F 2 and F 3 generations were openpollinated with only male-sterile plants harvested. The only selection that occurred during the F 2 and F 3 generations was the elimination of annual plants before pollination. This was followed by two cycles of mass selection for early emergence (reduction in germination inhibitors) and early leaf initiation and growth in controlled-environment growth chambers. Emergence time was the time (hours) between planting and emergence from the soil. Longer fi rst true leaves 5 d after emergence served as an indicator of early leaf initiation and/or rapid early leaf growth. Seed from the selected plants was then planted in the fi eld where the populations were subjected to selection for root shape and further elimination of bolters. Selected plants were allowed to interpollinate to produce seed for further evaluations and also crossed with a cytoplasmic male-sterile line, SLC133 (Ames 2662; Doney, 1995a) , to obtain an initial indication of combining ability. The testcross hybrids with SLC133 were evaluated in 1995 at Prosper, ND. The experimental design was a randomized complete block with four replicates. Each plot was two rows wide and 11 m long with rows 56 cm apart.
The crossing and selection procedures that culminated in F1018 through F1023 were the same as those described for F1017. The wild Beta accessions contributing pollen ranged from three for F1018 and F1023 to 39 for F1019, with the number of plants ranging from 31 to 249 (Table 1) . The pollinators for F1018, F1019, and F1020 were B. v. subsp. maritima accessions originally collected in Belgium, Ireland, and the Middle East, respectively. The pollinators for F1021, F1022, and F1023 were based on species (F1021, B. atriplicifolia Rouy; F1022, B. macrocarpa Guss.; F1023, B. patula Aiton) and not on geographic origin. The USDA Germplasm Resources Information Network (GRIN) currently designates accessions formerly listed as B. atriplicifolia as B. v. subsp. maritima, a change consistent with arguments presented by Van Geyt et al. (1990) and Letschert et al. (1994) .
The seven lines and an adapted commercial hybrid, ACH-222, were evaluated in yield trials at Fargo, ND, between 2001 and 2006. The experimental design was a randomized complete block with three replications. Each plot was two rows wide and 11 m long with rows 56 cm apart. Root yield and sucrose concentration were determined all 6 yr; sucrose loss to molasses, an estimate of the sucrose that cannot be extracted in normal factory operations, was not measured in 2003 or 2004. Root yield was the weight of all the roots from a single plot at the time of harvest. Sucrose concentration and sucrose loss to molasses measurements were based on a random sample of 10 to 12 roots from each plot. Sodium, potassium, and amino-nitrogen concentrations were used to calculate the loss to molasses using the formula that American Crystal Sugar Co. (Moorhead, MN) uses to determine payments to growers. Each year, roots in 2009 bolted; no bolters were observed in the other lines. Hypocotyls of F1017, F1018, F1020, and F1022 are green. The ratios of green (G) to red (R) hypocotyls observed for F1019, F1021, and F1023 were 25G:75R, 15G:85R, and 45G:55R, respectively. Seed yields of the selections that eventually became F1021 and increases of F1021 were generally lower, and in some cases substantially lower, than the seed yields of the other six lines in the greenhouse environment used to advance generations and increase lines.
Testcross Hybrids
In testcross hybrids with SLC133 as the female parent, differences between the root yield of four of the testcross hybrids (TC155, F1020; TC140, F1021; TC157, F1022; and TC142, F1023) and the commercial hybrids were not signifi cant (Table 2) . The difference between the sucrose concentration of TC150 (F1017) and the sucrose concentration of commercial hybrids was not signifi cant; all the other testcross hybrids had lower sucrose concentrations than the commercial hybrids. All the testcross hybrids had lower sucrose yields (the product of root yield and sucrose concentration) than the commercial hybrids. Among the testcross hybrids, TC142 (F1023) combined a relatively high root yield with a relatively high sucrose concentration to produce the highest sucrose yield.
Root Yield and Quality
In yield trials conducted between 2001 and 2006, the average root yield of the seven germplasm lines was 32.63 Mg ha −1 or 63% of the yield of the commercial hybrid, ACH-222 (Table 3 ). The 8.84 Mg ha −1 difference between F1019, the germplasm line with the highest yield, and ACH-222 was not signifi cant. All the other germplasm lines had average root yields that were signifi cantly lower than ACH-222. The 6-yr averages of the germplasm lines ranged from 28.33 Mg ha
from the fi eld with white skin and fl esh and the least branching were planted in the greenhouse to produce seed for the following year's trial. All seven lines were included in specialized cooperative nurseries to obtain an initial assessment of disease development when exposed to Rhizoctonia solani Kühn (Rhizoctonia root and crown rot) (USDA-ARS, Fort Collins, CO), BNYVV (rhizomania) (USDA-ARS, Salinas, CA), E. polygoni (powdery mildew) (USDA-ARS, Salinas, CA), Cercospora beticola Sacc. (Cercospora leaf spot) (USDA-ARS, East Lansing, MI and Betaseed Inc, Shakopee, MN), or Aphanomyces cochlioides Drechsl. (Aphanomyces root rot). (Betaseed Inc, Shakopee, MN). These nurseries were located and managed with the objective of providing a reliable indication of the response to a single disease organism with minimal complications due to other diseases (Panella et al., 2008) . To assess their reaction to Fusarium spp. (Fusarium yellows), the lines were planted near Sabin, MN (Betaseed Inc, Shakopee, MN) on 12 May 2008. Natural populations of Fusarium spp., including F. oxysporum f. sp. betae, were the sole source of inoculum. Disease severity, based on foliar expression, was rated on a 1-to-9 scale in which one was a full stand of healthy plants and nine indicated all or most plants were dead. The average of disease ratings recorded on 5 and 27 August was used in the analysis of variance. Each nursery included entries from other breeding programs and representative resistant and susceptible cultivars selected by the nursery managers.
Characteristics
All seven lines are multigerm diploids that produce roots with white skin and fl esh (Fig. 1) . Root branching is more prevalent in F1019 and F1020 than in the other fi ve lines or the commercial hybrid. Roots and leaves (canopy) of F1022 are smaller than those of the other lines. Approximately 5% of the F1020 plants in an observation nursery at Fargo, ND, 
Disease Resistance
On the basis of foliar symptoms, all seven lines appeared to have relatively high resistance to Fusarium (Table 4) , suggesting that the source of the resistance was the cultivated parent common to all seven. Similarly, the disease indices for powdery mildew suggested that the principle source of resistance was the cultivated parent. Generally high disease indices of all the lines for rhizomania implied that both the cultivated parent and the wild parents had little or no resistance. F1022 had relatively low Rhizoctonia disease indices and a relatively high frequency of roots with a rating of three or lower, suggesting it, or some of the wild accessions that were used as pollinators for F1022, could be potential sources of Rhizoctonia resistance. F1020 appeared to have, at least, intermediate resistance to Cercospora leaf spot. A few of the lines, notably F1018, had disease indices indicating low to moderate Aphanomyces resistance. At no time during the selection process was there any conscious selection for resistance to any disease; however, Aphanomyces, expressed only as some root surface scaring, was observed in some years. The disease responses reported in Table 4 should be considered preliminary; confi rmation before being used as sources of resistance in a breeding program is advised.
Availability
All seven lines will be maintained by USDA-ARS, Fargo, ND, and freely distributed in quantities suffi cient for reproduction. Requests for seed should be directed to the author. Seed samples also have been deposited with the USDA National Plant Germplasm System, where they will be available for research purposes, including the development of commercial lines and cultivars. U.S. Plant Variety Protection will not be pursued for any of these lines. It is requested that appropriate recognition be made when these source populations contribute to an improved breeding line, cultivar, or hybrid.
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